PCT 



WORLD INTBLLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPUCATTOft PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
H05B 33A0 



Al 



(11) International Publication Number: WO 99/07189 

(43) International Publication Date: 1 1 February 1999 ( U .02.99) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/GB98/0221 1 (81) Designated States: JP, US, European patent (AT, BE, CH CY 
24 , U ,y ,998 (24.07.98) » * * * * ° B ' * * * LU ' MC ' 



(30) Priority Data: 
9715907.3 



29 July 1997(29.07.97) 



OB 



(71) Applicant (for all designated States except US): CAMBRIDGE 
CONSULTANTS LIMITED [GB/OB]; Science Park, Mil- 
ton Road, Cambridge CB4 4DW (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): B ARNARDO, Christo- 
pher, John, Andrew [GB/GB]; Cambridge Consultants Lim- 
ited, Science Park, Milton Road, Cambridge CB4 4DW 
(GB). TOWNSEND, Janet, Elizabeth [GB/GB]; Cambridge 
Consultants Limited, Science Park, Milton Road, Cambridge 
CB4 4DW (GB). SINGHAL, Kavita [GB/GB]; Cambridge 
Consultants Limited, Science Park, Milton Road, Cambridge 
CB4 4DW (GB). 



Published 

With international search report 



(54) Title: ELECTROLUMINESCENT DEVICE PRODUCTION PROCESS 
(57) Abstract 

The present invention provides a method of producing an electroluminescent device which comprises the steps of apnlyina a first 

m*^ 1 "^ Strate ^ ng a Stand f d printin * proccss to a UH* Polymer on top of^ugh^t SmS 

adjacent to said first electrode applying a second conductive electrode on top of though not necessarily adjacent to said Light&nS 

Stt W ^ an ^rH^ 18 ^ layW ° f Ught Emltting My™" of controllable Sickness is formed using a method wWch TX 
ana cost— enecuve as aesirea. 



FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the 



PCT. 



AL 


Albania 


BS 


AM 


Armenia 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Faso 


GR 


BG 


Bulgaria 


HU 


BJ 


Benin 


IB 


BR 


Brazil 


IX 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


KE 


CH 


Switzerland 


KG 


CI 


Cote d'Fvoire 


KP 


CM 


Cameroon 




CN 


China 


KR 


CU 


Cuba 


KZ 


C2 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 



United Kingdom 

Oeorgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 



Italy 



Kenya 
Kyrgyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazakstan 
Saint Lucia 
Liechtenstein 
Sri Lank* 
Liberia 



LS 
LT 
UJ 
LV 
MC 
MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NE 

ML 

NO 

NZ 

PL 

PT 

RO 

RU 

SO 

SB 

SG 



Lesotho 



Luxembourg 
Latvia 



Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 



SI 


Slovenia 


SK 
SN 


Slovakia 
Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



New Zealand 



Portugal 



Russian Federation 
Sudan 
Sweden 
Singapore 



W ° 99/07,89 PCT/GB98/022,, 

1 . . 

ElgCtreluniiiwp^ nt- defies production nr^'. 

Field Of the lnvant<^ 

5 The present invention relates to a method for producing 
electroluminescent devices from Light Emitting Polymers (LEPs) 
in which a light emitting layer is sandwiched between 
conducting layers. 

10 Background Art 



Electroluminescent (EL) devices comprising an active LEP layer 
sandwiched between conductive layers are known in the art 
(see, for example WO-A-90 / 13148) . 

15 

WO-A-90 / 13148 discloses a class of Light Emitting Polymers 
(LEPs) consisting of conjugated polymers such as poly(p- 
phenlenevinyline) (PPV) and possible substitutes which may, 
amongst other things, be used for the production of EL 

20 devices. Other LEPs are known which consist of a single 
material which may be applied to a surface and which can be 
induced to emit light by the application of a voltage. LEPs 
have been relatively recently discovered and are treated with 
a great deal of care by persons skilled in the art - such 

25 treatment involving the use of vacuum cabinets, specialised 
atmospheres (pure nitrogen etc.) and so on. 

Other materials are known which have such light emitting 
characteristics. These other materials consist of small solid 

30 particles suspended in a binder. Examples of such materials 
include suspensions of phosphor in a polymer medium chosen for 
its ease of evaporation or of conversion to form readily a 
usable, solid, layer of light emitting matter. These 
suspension materials are more widely known in the art than 

15 LEPs and are perceived as being robust, i.e. these materials 
do not need the special treatment involved in handling LEPs. 
Methods for the production of devices using such suspension 
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materials include the use of single-stage, direct application 
printing processes such as screen-printing (see, for example 
EP-A-0 357 443, US-A-4 614 668, US-A-4 665 342). The general 
possibility of using roller printing for the printing of such 
phospher layers was mentioned in passing in EP-A-357 443, 
although the disclosure of this patent concentrates on the 
screen-printing of such phosphor layer devices. The suspension 
substances are subsequently converted to rigid form by heating 
under controlled environments such as in nitrogen, in a vacuum 
or by exposing to ultraviolet light. 



By contrast, known methods of producing EL devices from LEPs 
consist of specialised methods such as spin coating, draw 
coating, melt processing, ion-beam sputtering, radio frequency 

15 sputtering, DC sputtering, depositing by evaporation or glow 
discharge of silane and evaporation of the material onto a 
substrate (see WO-A-90 / 13148 which extensively describes the 
various applicable methods for applying LEPs to substrates). 
These methods are clearly appropriate for a specialised 

20 material such as an LEP which needs careful treatment as 
mentioned above, in order to carry out such application 
methods, it is desirable that any solvent used with such LEPs 
is highly volatile and that the mix which is to be deposited 
should have as low a viscosity as possible. Typically, 

25 methanol has been used as a solvent in the prior art. 

It is a major disadvantage of these processes that each is 
only workable for a relatively small surface area. 

A further major disadvantage associated with LEPs, at the 
present time, is that these materials have to be treated with 
great care and applied to surfaces using complex, expensive, 
slow processes, as detailed above, which are, in any case,' 
only workable for a relatively small surface area . it is 
desirable to produce layers of LEP which are thin and uniform 
- both from the point of view of cost of the material applied 
and of operational efficiency - and which may be produced over 
relatively large surface areas in a cost-effective manner. The 
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screen-printing processes used with suspension materials have 
not been considered to be suitable for the application of LEPs 
to substrates, given the care that is involved in handling 
such materials in the prior art and given the peception that 
screen-printing would produce a layer that was of the order of 
100 times too thick to be of any use. 

Another disadvantage associated with LEPs is their short 
lifetime, making them unsuitable for such applications as 
cathode ray tube replacements. 

Printing processes such as letter-press printing, screen- 
printing, doctor blade coating, ink- jet printing, roller 
printing, reverse-roller printing, offset lithographic 
printing, flexographic printing and web offset printing are 
known in the art of printing text on paper and various other 
domains. The use of screen-printing for applying robust, 
suspension materials in order to create electroluminescent 
devices is also known in the art, as mentioned above. 

Summary of fcha T BTantlnn 



The present invention involves the novel and inventive use of 
known printing processes in order to apply known LEPs to a 
25 substrate . 



The prior art clearly leads a person skilled in the art away 
from the use of printing processes for the application of LEPs 
to surfaces, as mentioned above. Given this situation, the 
30 person skilled in the art would not even consider carrying out 
experiments to determine whether it were possible to print 
LEPs using standard printing processes. 

Also, the person skilled in the art would not and could not 
35 appreciate that the use of, for example, an offset 
lithographic printing process may be used to apply an LEP to a 
substrate with the new, surprising effect that such 
electroluminescent devices work and may be produced in this 
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«*»to^ ve,, r:; rci a :. process which is — 

5 Further aspects, advantages and objectives of «, • 

"ill become apparent from a consideration of L "T " 00 
the ensuing description, which, by way of " e ^"T 
embodiment of the present iTveTtion 1 ™ 

Phemenevinyline, (ppv,, ar8 a " °" " *** »^«P- 
■0 offset lithographic printing: 'ubstrat. 

Brief n«.,-r<nn». fff 

Figure 1, A schematic representation of the off, , 

15 lithographic printing process. 

Figure 2: A schematic of an ejcancl. „f . 

structure CMI>lete 115 she « 

Figure 3: A schematic of » o«„ j 

emacic of a second example of a complete lep 
sheet structure ™PJ-ece LEP 

20 

Billed fl^rrlrfinn „r „,.,„„ 

"t ln :r on or is r\s *• novei - 

* electroiumlnesLrLi^frr^rcan ^ " ^ " 
using a standard printing process 

Printing processes like the D «s« 7£ " nUUi > 1 — 
widely used for low cost Moh vT Uth °? raI * i ' : accesses 
enables large volZs If ^ Printing. This method 

30 Produced in'; "Xil Z^uJZ * * 

previously been known, effective manner than has 

35 *- • p-e rrrjs. r/r^ 9 wit r uuy 

compressible blanket, which enables a T" T 

coating to be obtained. The offset bU,^^ spTts ThT 
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ink film between" the printing plate and the blanket which 
results in a thinner ink film being deposited on a substrate 
The printing plate may be patterned to accept or repel the ink 
by using hydrophilic and hydrophobic regions. The regions 
5 which are non-miscible with the ink (i.e. the hydrophobic 
regions) are deposited at the same time as the ink via damper 
rollers to wet the plate. Thus, ink adheres only to the 
appropriately patterned layer and repeats the pattern when 
transferred to the substrate. 

10 

The viscosity and volatility of a solvent used for the liquid 
which is to be printed using the offset lithographic process 
must be such that not only does it deliver the ink onto the 
rollers but also such that it is not adversely affected by the 
15 printing processes, for example, such that it does not 
evaporate from the rollers, m direct opposition to the prior 
art teaching which teaches the use of high volatility, low 
viscosity solvents such as methanol (as mentioned above) the 
present inventors have successfully and surprisingly used low 
20 volatility, higher viscosity solvents to great effect. Persons 
skilled in the art would also not have considered the 
possibility of using such solvents as a transport medium for 
the particular components to be printed such as the active 
light emitting layer (e.g. a ppv precursor polymer), 
25 conductive polymer and/or barrier materials. A highly polar 
solvent such as water enables the light emitting layers to be 
deposited in a pattern using the conventional planographic 
nature* of offset lithographic printing. 

30 The evaporation rate and viscosity of the solvent may be 
controlled by active temperature control of the rollers 
comprising the printing press. Alternatively the ppv mix, ink 
ducts or substrates may be preheated. Heating or cooling in 
this manner also provides additional control over the curing 

35 process of components such as that of the ppv precursor 
polymers. 
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Atmosphere control over the nHnt-i ~ 

. . , m over cne P rj -nting press assists in curing 

of ^t*"* in ,mestion - for — •»•• - ~ 

oresT 1 OXy96n * arelyin9 a nitr ° 9en bla *" —0 the 
press Where needed printed sheets maybe heated for a peri^a 

Z t0 iniUatS «- ««• - -eded for to convert 1 

PPV precursor polymer. a 

Figure 1 shows a schematic depiction of the offset 

Uthographrc printing process. ». offset lithographic process 

.0 i. a method well suited to producing very thin layers oHT 

Furthermore, the process achieves substantia^ nignt 

resolution than other printing processes. 9 

Very thin flat layers of active layer in an EL device are 
.5 benefrctal in that they consume less power. Also. thTtilUy 
to apply ». with very high resolution enables the produced 
of .ugh gualrty displays of uniform brightness. Lpositi" 
multrple layers of the same material or of different materiels 

20 strolled manner to give optimum performance. 

A solution of precursor PPV in water n»y be prepared according 
to standard practices used for creating msthanol based 

« CesT T e -'- J - H - ft -^ « al. ught emic^ 
drodes based on conjugated polymers. Nature vol.347. pp.539! 
541. October 1990). An abacus solvit combined the 
characteristics of a polar solvent, low volatiu" ^ 
adeguate solubility for the solution processshU m 
precursor. Various concentrations of ppv precursor 

» could be used including completely -turJZZZZ^" 

In .operation, the solution of ppv precursor is placed in the 

TuTmLT r Sf6rrea 10 ""dard'mannar OT t 

« Plate r3 , L ^ ~ " ta <— the printing 

Plata (3, be.ng transferred to the compressible blanket [4, 
then transferred to sheets of substrate material n , ' £ 
over the compressible blanket ,4). Por patterning. iLHcLu 
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liquid [6] may "be delivered simultaneously via an set of 
damper rollers [7] . 

Sheets of polyester [8] coated with a conducting layer of 
indium tin oxide (ITO ) [9] may be used as a substrate. A 
uniform layer of LEP [10] is deposited over the complete sheet 
which could be passed through the print press several times to 
achieve the desired thickness of PPV material. Each layer 
deposited in this manner gives a thickness of the order of 
lOnm. Such thicknesses are about ten times thinner than than 
the thinnest layers which could be applied using prior art 
methods . 

The PPV precursor may be cured using conventional methods, 
e.g. by heating in an oven with a controlled atmosphere of 
nitrogen. 

Subsequently, a top electrode of aluminium [11] may be 
deposited on the printed active layer by standard processes 
such as spinning, thermal evaporation or sputtering or the 
electrode may be printed on in a similar manner to that used 
for applying the PPV layer. Additional layers such as 
conductive polymers [12], charge- trapping or charge-diffusion 
layers [13] between the active layer and the conductive 
layers, or barrier films [14] surrounding the device can be 
employed to enhance efficiency, reduce power requirements or 
increase lifetime. Suitable completed structures may be as 
shown in Figures 2 and 3. 

Suitable operating voltages for such EL devices start as low 
as 5V. 

Although the invention has been described using the particular 
embodiment of offset lithographic printing, it is not intended 
that the claims should be limited by this. Given the teaching 
of this document and thus overcoming the present technical 
prejudices to come to the realisation that LEPs can be printed 
using a standard printing technique, a person skilled in the 
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art would appreciate that any other , 

also work including, though „ ot i • Pr ° CeSS Would 

Printing, screen-printing d oc tor TT * Ut ^*°° 
Printing, reverse-roll J pri ! t roller 

5 Print±ng ' "^-^ 
Also, although Light Emitting « , 

with Terence to a partTcu *- bribed 

such as Polyfp-phenlenwWin., ,° , conjugated pollers 
» "»t the = lalM shouM • it is not intended 

*>lyaer is used as a temto ££L* f 
< single substance JT y ^'consisting of 

characteristics. "' ele ctroli«inescent 

5 "aving overcome ths v ■ 

Mention leads to the abnty ~ „ P " 3u<3i »- «» Present 
accurately (mM electrol^Went ^ ^""^ ° £ 

^ch an ability can potentiator ! " ^ l0B cost. 

o, display techno^ «t 1( T ^ *«• 
Produce low cost, disposable' flit ™ * PMSlble "> 

<«» as extending the possill e « 
electroluminescent displays to ~ „ ° £ ap Plication of 

Picture instruction labelj " -ving 

-tity cards. covers. 
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IS 



1. A method of producing an electroluminescent device 

which comprises the steps of: 

-applying a first conductive electrode to a substrate; 

- using a standard printing process to apply a Light 
Emitting Polymer on top of though not necessarily 
adjacent to said first electrode; 

- applying a second conductive electrode on top of 
though not necessarily adjacent to said Light Emitting 
Polymer; 

whereby an accurately-placed layer of Light Emitting 
Polymer of controllable thickness is formed using 
method which is as fast and cost-effective as desired 



25 



30 



35 



a 



20 2 ' A me thod of producing an electroluminescent device 

according to claim 1 wherein said process is selected 
from the group consisting of letter-press printing and 
screen-printing and doctor blade coating and ink- jet 
printing. 



A method of producing an electroluminescent device 
according to claim 1 wherein said process is selected 
from the group consisting of roller printing and 
reverse-roller printing and offset lithographic 
printing and flexographic printing and web printing. 

A method of producing an electroluminescent device 
according to any of the preceding claims wherein said 
Light Emitting Polymer is mixed with a polar solvent. 

A method of producing an electroluminescent device 
according to claim 4 wherein said polar solvent is an 
aqueous solution. 
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10. 



A method of producing an electroluminescent device 
according to any of the preceding claims wherein said 
standard printing process is carried out in a 
controlled atmosphere. 

A method of producing an electroluminescent device 
according to any of the preceding, claims wherein the 
viscosity and evaporation of the Light Quitting 
Polymer solution is controlled by controlling thl 
temperature of a stage of the standard printing 

A method of producing an electroluminescent device 
according to any of claims 3 to 7 wherein the 
temperature is controlled by controlling the 
temperature of the printing rollers. 

A method of producing an electroluminescent device 
according to any of the preceding claims which 
comprises the extra step of applying barrier layers to 
any of the applied layers. 

A method of producing an electroluminescent device 
according to any of the preceding claims which 

IZZT °? St6p(s) of flying addtional 

charge trapping or charge diffusion layers between any 
of said first conductive electrode, layer of Light 
Emitting Polymer and second conductive electrode ~ 
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